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VEHICLE DIAGNOSTIC SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation-in-part of U.S.
application Ser. No. 11/166,719 entitled AUTOMOTIVE
DATA LOGGER filed Jun. 24, 2005, now abandoned U.S.
application Ser. No. 11/172,293 entltled CELLPHONE
BASED VEHICLE DIAGNOSTIC SYSTEM filed Jun. 30,
2005, and U.S. application Ser. No. 11/823,757 entitled
AUTOMOTIVE DIAGNOSTIC AND REMEDIAL PRO-
CESS filed Jun. 28, 2007, the disclosures of which are incor-

porated herein by reference.

STATEMENT RE: FEDERALLY SPONSORED
RESEARCH/DEVELOPMENT

(Not Applicable)

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to vehicle support
systems and more specifically to a method of providing a
vehicular diagnostic evaluation based on an analysis of
vehicle operation data.

2. Description of the Related Art

Many of today’s vehicles include a wide range of systems
and components that perform various operations while the
vehicle 1s 1n use. Over time, repeated use of the vehicle may
cause failure of individual systems or components. As such,
most vehicles are equipped with an onboard diagnostic com-
puter 1n communication with the various systems and com-
ponents included on the vehicle. The onboard computer may
monitor the operation of the systems and components by
logging diagnostic data generated during use of the vehicle.
Although the onboard diagnostic computers may log data
generated 1n response to operation of the vehicle, the diag-
nostic computer may not be capable of analyzing the data to
identify the ultimate failure source plaguing the particular
vehicle.

As such several diagnostic and support tools have been
developed with the aim of providing the owner of the vehicle
with vehicular diagnostic information. For instance, several
handheld diagnostic tools have been designed to offer the
owner of the vehicle a means of accessing and retrieving the
diagnostic data logged by the onboard diagnostic computer.
Once the diagnostic data 1s retrieved, 1t may be analyzed to
determine a failure source.

In some 1instances, the diagnostic data logged by the
onboard diagnostic computer includes a failure code gener-
ated by the vehicle’s systems and components when a par-
ticular system or component 1s failing or 1s about to fail. The
fallure code may be associated with a particular system or
component that 1s failing. Therefore, by retrieving the failure
code, the particular system or component may be identified
and treated.

However, given the complex nature of today’s vehicles,
several failure codes may be generated at any given time. In
other words, the failure of one particular system or compo-
nentmay cause other systems or components to operate 1mncor-
rectly. As such, the source of all the failure codes may trace
back to one failure source. The invention disclosed 1n patent
application Ser. No. 11/823,757, entitled Automotive Diag-
nostic and Remedial Process, 1s directed to a diagnostic sys-
tem for determining a likely failure source for a particular
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combination of failure codes. The likely failure source 1is
determined by matching the particular combination of failure

codes generated by the test vehicle with combinations of
failure codes 1n a prior experience database. The prior expe-
rience database includes various combinations of failure
codes associated with likely failure sources. The failure
source associated with the combination of failure codes in the
prior experience database having the highest number of fail-
ure codes 1n common with the particular combination of
failure codes obtained from the onboard diagnostic computer
may be considered the likely failure source.

The 1dentified likely failure source provides the owner of
the vehicle with valuable diagnostic information. However,
additional information may be required betfore the vehicle can
be completely repaired. For instance, confirmation that the
likely failure source 1s the actual failure source may be
required. Furthermore, information regarding the extent of
the failure may also be needed 1n order to provide the most
cost effective reparr.

As 1s apparent from the foregoing, there exists a need in the
art for a method of retrieving and analyzing vehicular diag-
nostic information in order to more readily identily a failure
source. The present invention addresses this particular need,
as will be discussed 1n more detail below.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided a method of providing vehicle support through
analysis of data received from an onboard vehicle computer.
The method includes the steps of recerving vehicle diagnostic
data from the onboard vehicle computer. The vehicle diag-
nostic data 1s recerved by an automotive diagnostic tool. The
vehicle diagnostic data 1s then communicated from the auto-
motive diagnostic tool to a prior experience database. The
prior experience database includes information related to
diagnostic solutions associated with combinations of diag-
nostic data. The prior experience database 1s arranged to
match the recerved vehicle diagnostic data to possible diag-
nostic solutions. The possible diagnostic solutions are then
prioritized 1n accordance with ranked matches of the recerved
diagnostic data to the prewous combinations of diagnostic
data stored in the prior experience database. The possible
diagnostic solution associated with the highest ranked com-
bination of diagnostic data 1s i1dentified as the most likely
solution. Vehicle components associated with the most likely
solution are then 1dentified. The automotive diagnostic tool 1s
subsequently configured to log diagnostic data related to the
vehicle components associated with the most likely solution.

It 1s contemplated that the present invention may provide
more accurate and reliable diagnostic information than 1s
available by known systems and methods. The logged diag-
nostic data related to the vehicle components associated with
the most likely solution may be compared with the prioritized
result obtained from the prior experience database to confirm
that the most likely failure source 1s the actual failure source.
Furthermore, 1t 1s also understood that data that 1s obtained
during the above-described method may be communicated to
several remote locations 1n order to provide the operator of the
vehicle with a diagnostic support network. For instance, the
most likely failure source may be communicated to the driv-
er’s cell phone to alert the driver of the problem with the
vehicle. In addition, the most likely failure source may be
communicated to a customer support center. In this manner,
the customer support center may begin diagnostic support
tailored to the specific needs of that vehicle without requiring
the operator to call into the customer support center 1n order
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to receive diagnostic assistance. It may be desirable to wire-
lessly communicate data from the automotive diagnostic tool
in order to more easily disseminate the diagnostic data.

In addition to the foregoing, another aspect of the present
invention includes a method of providing vehicle support
based on data received from an onboard vehicle computer.
The method includes the step of programming a handheld
automotive diagnostic tool to log vehicle operation data 1n
response to detection of a specified vehicle diagnostic code.
The tool 1s then connected to the onboard vehicle computer to
receive diagnostic data therefrom. The diagnostic data
includes vehicle diagnostic codes and the vehicle operation
data. The diagnostic data 1s butiered for a selectable period of
time. The diagnostic data 1s also analyzed to detect the occur-
rence of the specified vehicle diagnostic code. Vehicle opera-
tion data 1s then logged 1n the automotive diagnostic tool in
response to detection of the specified vehicle diagnostic
codes. The automotive diagnostic tool 1s then interfaced with
a wireless communication link to communicate the diagnos-
tic data and the logged vehicle operation data to a remote
location.

The logged diagnostic data may be useful for many differ-
ent purposes. For instance, the logged data may be helptul 1n
order to provide a more thorough and accurate diagnosis for
a particular vehicle. In addition, the logged data may be stored
in a database for subsequent retrieval of vehicle operation
data. It may be desirable to retrieve such data for accident
reconstruction purposes to determine the events leading up to
and during an accident.

The present invention 1s best understood by reference to the
tollowing detailed description when read 1n conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the various
embodiments disclosed herein will be better understood with
respect to the following description and drawings 1n which
like numbers refer to like parts throughout and in which:

FIG. 1 1s a schematic diagram of an embodiment of a
vehicle support network, 1n accordance with an aspect of the
present invention;

FI1G. 2 illustrates one embodiment of a vehicle support and
diagnostic process, 1 accordance with an aspect of the
present invention;

FIG. 3 1s a schematic diagram of another embodiment of
the vehicle diagnostic and support network, 1n accordance
with an aspect of the present invention; and

FIG. 4 illustrates an embodiment of an automotive diag-
nostic tool interfacing with a personal communication device,
in accordance with an aspect of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings wherein the showings are
for purposes of illustrating a preferred embodiment of the
present invention only, and not for purposes of limiting the
same. FIG. 1 shows a vehicle support network 10 constructed
in accordance with an aspect of the present invention. The
vehicle support network 10 includes a variety of components
which collectively provide diagnostic and operational sup-

port for a vehicle 14.

As depicted 1 FIG. 1, vehicle 14 1s equipped with an
onboard diagnostic computer 30. The diagnostic computer 30
1s 1n communication with many of the systems and compo-
nents included in the vehicle 14. Exemplary components and
systems may include, but are not limited to components and
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systems related to the vehicle’s braking, velocity, accelera-
tion, exhaust, engine temperature, power steering, engine
speed, etc. It 1s understood that other systems and compo-
nents may additionally be in commumnication with the
onboard diagnostic computer 30.

Each system and component may be configured to generate
diagnostic data during operation of the vehicle 14. The diag-
nostic data may be communicated to the diagnostic computer
30 for logging or analysis. The diagnostic data typically
relates to the operating conditions of the respective system or
component of the vehicle 14.

In most cases, the vehicle’s system and components are
configured to operate within preferred operational bounds.
Operation of a particular system or component outside of the
preferred operational bounds may be indicative of an existing
or impending problem. Theretfore, each system or component
may generate a diagnostic trouble code when operating out-
side of the preferred operational bounds. The diagnostic
trouble code may simply be an indication that a particular
system or component 1s operating beyond the preferred
operational bounds. The diagnostic data communicated to the
diagnostic computer 30 may include the diagnostic trouble
codes generated by the respective systems and components.

The diagnostic trouble codes may be retrieved from the
onboard diagnostic computer 30 via an automotive diagnostic
tool 12. The automotive diagnostic tool 12 may be hand
portable and electrically and mechanically connectable to the
onboard diagnostic computer 30 via a diagnostic port 16
located on the vehicle 14. The diagnostic tool 12 may include
a connector 15 that 1s engageable with the diagnostic port 16.
In most vehicles 14, the diagnostic port 16 1s located on the
dashboard. However the diagnostic port 16 may be located 1n
other positions on some vehicles 14. It 1s contemplated that
one embodiment of the automotive diagnostic tool 12 1is
detachably connected to the onboard diagnostic computer 30.
In this regard, the automotive diagnostic tool 12 may be
connected to a variety of different vehicles 14 to obtain the
diagnostic data, including the diagnostic trouble codes for
cach vehicle 14. In another embodiment, the automotive diag-
nostic tool 12 1s hard-wired into the onboard diagnostic com-
puter 30. In that case, the automotive diagnostic tool 12
remains on the vehicle 14 to retrieve diagnostic data gener-
ated by the vehicle’s systems and components.

One aspect of the present invention includes an automotive
diagnostic tool 12 having a wireless communication circuit
18 as shown in FIG. 1. The wireless communication circuit 18
may enable data to be wirelessly communicated from the
automotive diagnostic tool 12 to a variety of locations. The
wireless communication circuit 18 may employ Bluetooth®
technology, 802.11 format technology, infrared communica-
tion technology or other wireless communication technology
known by those skilled 1n the art.

According to one aspect of the invention, the wireless
communication circuit 18 may be able to interface directly
with a wireless communication network 22 to achieve wire-
less communication with a wide range of locations. Data
retrieved from the onboard diagnostic computer 30 may be
wirelessly communicated from the onboard diagnostic com-
puter 30 to a remote location 32 via the wireless communi-
cation circuit 18 on the automotive diagnostic tool 12.

It 1s understood that wirelessly communicating data over
large distances may require sizable amounts of power. There-
fore, the automotive diagnostic tool 12 may include a power
port that 1s connectable to the vehicle’s power supply to
obtain power from the vehicle 14. The automotive diagnostic
tool 12 may also mnclude a power source 34 to enable inde-
pendent operation of the tool 12. The power source 34 may
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also serve as a backup power supply in the even of power
failure by the host system (e.g. the vehicle 14).

Power conservation may be a factor influencing the size
and cost of the tool 12. As such, 1t may be desirable to
mimmize the amount of power consumed by the tool 12. One
way ol conserving power 1s decreasing the distance along
which the wireless communication circuit 18 1s required to
communicate the data. As such, one embodiment of the
present invention includes a wireless communication circuit
18 that 1s capable of interfacing with a personal communica-
tion device 20. As used herein, a personal communication
device 20 may include a cell phone 21 or other wireless
handheld devices known by those skilled in the art. Data may
be communicated from the automotive diagnostic tool 12 to a
remote location 32 via the personal communication device
20.

Typically, personal communication devices 20, such as cell
phones 21, connect to a wireless communication network 22
having a plurality of base stations 24, as depicted in FIGS. 1,
3, and 4. A signal 1s sent from the personal communication
device 20 to the base station 24 where 1t 1s relayed to the
remote location 32. In this regard, a signal may be wirelessly
communicated from the automotive diagnostic tool 12 to the
remote location 32 via a personal communication device 20
without requiring sizable amounts of power from the auto-
motive diagnostic tool 12. Most of the power required to
communicate the data 1s supplied from the user’s cell phone
21 or other personal communication device 20.

It 1s understood that other embodiments of the present
invention include a wireless communications circuit 18 that
interfaces directly with the wireless communication network
22. In this manner, the automotive diagnostic tool 12 includes
the capability of directly interfacing with the wireless com-
munication network 22. It may be desirable to mitigate the
automotive diagnostic tool’s dependency on the user’s per-
sonal communication device 20. For instance, the user may
not own a personal communication device 20. However, even
if the user does own a personal communication device 20, the
battery may be dead which would preclude wireless data
transmission. Furthermore, the personal communication
device 20 may not recerve service 1n certain areas or it may be
left at the user’s home which would also prevent data com-
munication. For these reasons, 1t may be desirable to config-
ure the wireless communication circuit 18 to directly inter-
tace with the wireless communication network 22.

As previously mentioned above, the automotive diagnostic
tool 12 may communicate data to a remote location 32. Such
communication may include the transmission of diagnostic
trouble codes, or other diagnostic data, to a user’s personal
computer 32 or a personal communication device 20 to alert
the user of the diagnostic trouble codes. However, the user
may be required to determine the source of the diagnostic
trouble code. In other words, the user would have to deter-
mine which component or system 1s generating the trouble
code. This step may require additional resources, such as a
lookup table relating diagnostic trouble codes with associated
components or systems. Consequently, the automotive diag-
nostic tool 12 may communicate the diagnostic trouble codes
directly to an automotive repair professional capable of pro-
viding the user with a more complete diagnosis. The automo-
tive diagnostic tool 12 may employ wireless communication
technology described above 1in order to achieve such commu-
nication.

Given the complex nature of today’s vehicles 14, more than
one diagnostic trouble code may be generated within a rela-
tively short period of time. Consequently, identifying a par-
ticular diagnostic failure source tends to be difficult when

10

15

20

25

30

35

40

45

50

55

60

65

6

more than one trouble code 1s generated. Therelore, the auto-
motive diagnostic tool 12 may communicate data to a remote
database 26 configured to analyze the data generated and to
output a diagnosis. One embodiment of the remote database
26 1s a prior experience database 28. The prior experience
database 28 includes information related to diagnostic solu-
tions associated with combinations of diagnostic data. The
prior experience database 28 1s arranged to match the
received vehicle diagnostic data to possible diagnostic solu-
tions. It 1s contemplated that the automotive diagnostic tool
12 may communicate the vehicle diagnostic data to the prior
experience database 28 via the cellular telephone network 22,

either directly, or by way of a personal communication device
20.

The prior experience database 28 may include a prioritizer
36 connected thereto to prioritize the possible diagnostic
solutions. The possible diagnostic solutions may be priori-
tized 1n accordance with ranked matches of the received diag-
nostic data to the previous combinations of diagnostic data
stored 1n the prior experience database 28. The possible diag-
nostic solution associated with the highest ranked combina-
tion of diagnostic data 1s 1dentified as the most likely solution.
The most likely solution may be wirelessly communicated to
auser’s personal communication device 20 to alert the user of
the likely diagnosis. For a more detailed description of pri-
oritizing the possible diagnostic solutions generated from the
prior experience database 28, please see U.S. patent applica-
tion Ser. No. 11/823,757 entitled Automotive Diagnostic and
Remedial Process, the contents of which are expressly incor-
porated herein by reference.

After the most likely solution 1s identified, the vehicle
components associated with the most likely solution are 1den-
tified by a vehicle component i1dentifier 46. This may be
performed by using a lookup table to associate the most likely
solution with the 1dentified vehicle components.

Once the vehicle components are 1dentified, the automo-
tive diagnostic tool 12 1s configured to log diagnostic data
related to the vehicle components. More specifically, a signal
containing the most likely failure source 1s communicated
from the prior experience database 28 to the automotive diag-
nostic tool 12. Upon receipt of the signal, the tool 12 1s
configured to log diagnostic data related to the vehicle com-
ponents. In this manner, the data logging capability of the
automotive diagnostic tool 12 1s focused on the systems or
components that are associated with the most likely solution
in order to verily the source of the problem. The tool 12 may
include a data logger 50 for logging data from the onboard
diagnostic computer 30. As such, the onboard diagnostic
computer 30 may be capable of obtaining operational data
associated with each component or system connected thereto.
The automotive diagnostic tool 12 may be configured to log
such data 1n response to the vehicle components associated
with the most likely solution being identified. As such, the
automotive diagnostic tool 12 may send a signal to the
onboard diagnostic computer 30 requesting such data. A user
may be able to program the tool 12 to log data for a selectable
period of time.

The diagnostic data received from the onboard diagnostic
computer 30 may be usetul to determine whether the 1dent-
fied most likely failure source 1s 1n fact the actual source of
tailure. If the diagnostic data does not show some 1rregularity
or other signs of a problem, the identified most likely failure
source may not be the actual failure source. In this event, the
automotive diagnostic tool 12 may be reconfigured to log
diagnostic data related to the components associated with a
second most likely failure source. This process may be
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repeated until the logged data confirms that the identified
likely failure source 1s the actual source of the failure.

As previously mentioned, the automotive diagnostic tool
12 may be capable of wirelessly communicating data, either
independently, or via a personal commumnication device 20.
Consequently, any data logged by the automotive diagnostic
tool 12 may be communicated to a remote location 32, a
personal communication device 20, or other locations known
by those skilled in the art. In one embodiment, the remote
location 32 may be a remote storage database 38 to store the
data. The data stored at the remote storage database 38 may be
retrieved for a variety of different reasons. For instance, the
data may be helpiul for accident reconstruction purposes. The
data may show the operating conditions of the vehicle 14 up
to the time of an accident, as well as following the accident. In
addition, a parent may retrieve the information to monitor the
driving habits of a child.

The remote location 32 may also include a customer ser-
vice and support center 40. If a problem with the vehicle 14
has been 1dentified and communicated to the customer ser-
vice and support center 40, resources at the support center 40
may be devoted to assisting the driver with the i1dentified
problem. At the very least, the driver may receive a message
or phone call from the customer service and support center 40
alerting the driver of the problem. In addition, it 1s contem-
plated that the automotive diagnostic tool 12 may include a
GPS device 42 so the particular location of the vehicle 14 may
also be communicated to the remote location 32. Personnel at
the customer service and support center 40 may also arrange
for vehicle repair services such as a tow truck or a repair man.
Furthermore, personnel at the customer service and support
center 40 may be able to communicate a signal to the vehicle
14 to perform a particular function, such as unlocking the
doors, or opening the trunk.

In addition to the foregoing, 1t 1s also contemplated that
various aspects of the present invention are directed toward
programming a handheld automotive diagnostic tool 12 to log,
vehicle operation data in response to detection of specified
diagnostic data. In this manner, the programmer may config-
ure the automotive diagnostic tool 12 to focus 1ts logging
capabilities when a particular condition occurs. According to
one embodiment, the automotive diagnostic tool 12 1s con-
figured to log data in response to detection of a specified
diagnostic trouble code. The diagnostic tool 12 may receive
the diagnostic trouble codes from the onboard diagnostic
computer 30, as described 1n more detail above. Once the
diagnostic tool 12 detects the specified diagnostic trouble
code, 1t may log vehicle operation data.

The tool 12 may be connected to a programming device 44
to enable a user to program the tool 12. However, the tool 12
may include a user input, such as a keypad or touch screen to
allow a user to program the tool 12 without an external pro-
gramming device 44.

When the automotive diagnostic tool 12 1s connected to the
onboard diagnostic computer 30, the tool 12 receives diag-
nostic data which may include vehicle diagnostic codes and
vehicle operation data. The diagnostic data may be builered
by a data buifer 48 located on the diagnostic tool 12. In this
regard, the data may be temporarily stored on the automotive
diagnostic tool 12. In one embodiment, the diagnostic data 1s
temporarily stored for a selectable period of time. As such, the
user may select the duration of the selectable time period. The
temporarily stored data may be analyzed to detect the occur-
rence of the specified diagnostic trouble codes. It the diag-
nostic trouble codes are not detected, the data may be deleted.

Once the trouble codes are detected, vehicle operation data
1s logged by a data logger 50 on the tool 12. The logged data
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may be stored until 1t 1s reviewed by the user or an automotive
proiessional. The logged data may be useful for accident
reconstruction purposes or vehicle operation monitoring, as
described in more detail above.

The diagnostic tool 12 may be interfaced with a wireless
communication circuit 18 to communicate the diagnostic data
and/or the logged vehicle operation data to a remote location
32. The wireless communication circuit 18 may communicate
with a personal communication device 20, or directly with a
wireless communication network 22. The remote location 32
may include a customer service center 40 or a prior experi-
ence database 28, as described in more detail above.

The mnformation gathered from the diagnostic tool 12 may
be useful 1n order to mitigate vehicle 14 failure or ineificient
vehicle performance. Once the information 1s obtained, 1t
may be communicated to a wide range of remote locations 32.

Although the above describes communication that is 1niti-
ated by the tool 12 and sent to a variety of remote locations 32,
it 1s also contemplated that communication may also be 1ni-
tiated from a remote location 32 and sent to the automotive
diagnostic tool 12. Such communications may include
instructions to tailor the data analysis and logging performed
by the tool 12 in an effort to provide more thorough and

elfective diagnostic support.

The above description 1s given by way of example, and not
limitation. Given the above disclosure, one skilled in the art
could devise vanations that are within the scope and spirit of
the invention disclosed herein. Further, the various features of
the embodiments disclosed herein can be used alone, or 1n
varying combinations with each other and are not intended to
be limited to the specific combination described herein. Thus,
the scope of the claims 1s not to be limited by the 1llustrated
embodiments.

What 1s claimed 1s:

1. A method of providing vehicle support through analysis
of data recetved from an onboard vehicle computer, the
method comprising the steps of:

a. recerving a combined set of vehicle diagnostic trouble
codes (DTC’s) from the onboard vehicle computer, the
being received by a handheld automotive diagnostic
tool;

b. communicating the combined set of recerved DTC’s
from the automotive diagnostic tool to a prior experience
database having information related to diagnostic solu-
tions associated with combined sets of DTC’s stored n
the database, the prior experience database being
arranged to match the combined set of recerved DTC’s
to possible diagnostic solutions;

c. prioritizing the possible diagnostic solutions solely 1n
accordance with ranked matches of the combined set of
received D'TC’s to the combined sets of DTC’s stored 1n
the prior experience database, the possible diagnostic
solution associated with the highest ranked combined
set of D'TC’s stored 1n the database being 1dentified as
the most likely solution;

d.1dentitying vehicle components associated with the most
likely solution; and

¢. configuring the automotive diagnostic tool to log diag-
nostic data related to the vehicle components associated
with the most likely solution.

2. The method as recited 1n claim 1 wherein step (b)
includes wirelessly communicating the combined set of
received D'TC’s from the diagnostic tool to a personal com-
munication device.
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3. The method as recited 1n claim 1 wherein step (b)
includes communicating the combined set of received DTCto
the prior experience database via a cellular telephone net-
work.

4. The method as recited 1n claim 3 further including the
step of logging the data related to the vehicle components
associated with the most likely solution.

5. The method as recited 1n claim 4 further including the
step of wirelessly communicating the logged data from the
automotive diagnostic tool to a personal communication
device.

6. The method as recited 1in claim 4 wherein the diagnostic
tool 1s configured to log diagnostic data for a selectable period
of time.

7. The method as recited 1n claim 1 further including the
step of logging the data related to the vehicle components
associated with the most likely solution.
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8. The method as recited 1n claim 7 further including the
step of wirelessly communicating the logged data from the
automotive diagnostic tool to a personal communication
device.

9. The method as recited 1n claim 7 wherein the diagnostic
tool 1s configured to log diagnostic data for a selectable period
of time.

10. The method as recited 1n claim 1 further including the
step of communicating the most likely solution to a personal
communication device.

11. The method as recited 1n claim 10 furthering including
the step of communicating the logged diagnostic data to a
customer support center.
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